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IIVIPROVF,MF,NT.S IN OR R FT A TING TO MAiyupArTTTPF 
OF GLASS ARTICLFS OR THE T JKTT 

This invention relates to improvements in or relating to manufacture of 
glass anicles or the like and is more panicularly but not exclusively concerned 
with heat treatment of Cathode Ray Tubes (CRT). 

Our previous patent specification No.GB2300906 relates to a heat 
treatment oven used in the manufacture of Cathode Ray Tubes and, 
accordingly, the entire content of patent specification No.GB2300906 is 
incorporated into this patent specification by reference. 

Although the previous oven design shown in patent specification 
NO.GB2300906 works well in practice with the type of Cathode Ray Tubes as 
shown in the drawings of that patem specification and indeed for various other 
large glass items, it tends not to be generally suitable for treatment of other 
glass articles or the like such as the new designs of flatter, thimier Cathode 
Ray Tubes (Thin CRT) now being designed for incorporation in domestic 
higher definition "flat screen" television receivers e.g. as produced by 
Candescent Technology Corporation of U.S.A. 
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In attempting to use such an oven design for said flatter Cathode Ray 
Tubes, a much closer control over the temperature of the Cathode Ray Tubes 
being heat treated is required over time in order to avoid the occurrence of 
stress hnes, cracking or breaking of the Cathode Ray Tubes. Also, a closer 
control of the temperature of the article being heat treated in the oven may be 
necessary for articles other than Cathode Ray Tubes. 

It is an object of the present invention to at least alleviate the 
aforementioned, or other, problem associated with heat treatment of glass 
articles or the like or any articles which may be subject to stress or breakage if 
not heat treated in an appropriate manner. 

According to the present invention there is provided apparatus for the 
heat treatment of glass articles or the like, comprising an oven for receiving 
one or more glass articles or the like, heater means for heating a fluid medium 
such as air which is introduced, m use, to an article or articles in the oven, said 
fluid medium being circulated or re-circulated around the article or articles in 
order to heat up said article or articles in a closely controlled manner by the 
use of first and second control means, the first control means being for varying 
the temperature of the fluid medium and the second control means being 
varying the velocity of the fluid medium inu-oduced to said article or articles. 
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Thus, use of the first and second control means may effectively provide 
a dual control facility for the oven. The first and second control may be 
arranged to be automatically co-operable with one another e.g. under the 
control of a computer. 

Preferably, the velocity of the fluid medium can be varied by the 
second control means in response to the temperature of the glass anicie/s in 
the oven; the apparatus, preferably, includes sensor means for sensing the 
temperature of the glass article or articles (said sensor means possibly being a 
pyrometer) and/or may include automatic means for selectively varying the 
temperature and/or velocity of the fluid medium in response to the temperature 
sensed by said sensor means. Altematively, separate sensor means may be 
provided for sensing the temperature of the fluid medium in order to control 
the output of the heater means. Said automatic control means may include a 
purpose-made programmed computer system. 

The apparatus will usually include a fan or impeller to circulate or 
re-circulate the fluid medium around the article or articles. 

The apparatus may include baffle wall portions to help direct the fluid 
medium over the article or articles in a controlled way. 



SUBSTITUTE SHEET (RULE 26) 



wo 00/27765 



4 



PCT/GB99/03659 



The output of the heater means (which may be for example a gas 
burner or electrical element or any suitable heater means) may be varied in 
response to the temperature of the fluid medium being circuiated/re-circuiated 
and the location for sensing the temperature may be relatively near to the 
anicle or articles being heat treated or at any suitable point and there may be 
more than one sensing point. In any event the sensing signal may be set to 
control the heater means via a P.I.D. control. 

The sensor means for sensing the temperature of the glass article or 
articles may be connected via a P.LD. control and/or an invertor to control 
velocity of the air being recirculated in the oven for example by a, or the, fan 
or impeller. 

The oven may be divided up into a plurality of chambers or zones and 
the number of zones will usually depend upon ±e nature of the articles being 
heat treated. 

Where the glass articles or the like being heat treated are Cathode Ray 
Tubes of a very flat nature, preferably, said tubes are stacked venically (or 
generally upright) in parallel fashion (preferably in two rows) in a vacuum cart 
that can be progressed through the zones or chamber of the oven. The oven 
may be generally of a race-track shape. 
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In such an airangement, the fluid medium is, preferably, introduced in 
between the Cathode Ray Tubes by nozzles preferably angled to direct said 
fluid medium horizontally between said Cathode Ray Tubes. The faces or 
screens of the Cathode Ray Tubes, preferably, face one another although they 
may be arranged in front to back opposing relationship. Preferably, the oven 
has a number of chambers or zones less than 50 and preferably less than 20, 
preferably less than 10 and possibly only 8 zones. 

Preferably, the oven is provided with a track which allows a series of 
vacuum carts containing the Cathode Ray Tubes to progress through the 
various zones of the oven. 



As many as 40 Cathode Ray Tubes may be provided per vacuum cart. 

Each chamber or zone may be provided with horizontal baffle wall 
portions in an upper portion of the chamber in order to direct fluid medium 
horizontally at the top of a chamber/zone towards the sides and vertical baffle 
wall portions to direct the air downwardly at each side to nozzle means 
introducing the fluid medium over the glass articles. 
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Preferably, the apparatus has provision for allowing not more than a ^ 
5° Celsius variation from an ideal temperature gradient for heat treatment of the 
glass article or articles. 

Further according to the present invention there is provided a method 
of heat treatment of glass articles or the like, comprising heat treating said 
articles under a dual control means comprising controlling the heat output of a 
heater means and the velocity of fluid medium being circulated or recirculated 
in a chamber or zone of the oven. The method, preferably, includes sensing 
the temperature of the glass article or the like in order to vary the velocity of 
the fluid medium being circuiated/re-circuiated in said chamber or zone and 
the heat output of the heater means is, preferably, controlled by sensor sensing 
the temperature ,of said fluid medium. 

Where the glass articles are flat Cathode Ray Tubes, preferably, said 
method comprises heat treating a plurality of said Cathode Ray Tubes which 
are, preferably, positioned vertically and parallel to one another on vacuum 
carts that proceed through a plurality of zones of the oven, preferably in a time 
indexed manner; said fluid medium, preferably, being directed (preferably 
horizontally) in between the Cathode Ray Tubes during the heat treatment 
process. 
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In said method, the indexing time between zones is, preferably, at least 
10 minutes but may be 12 or 16 minutes. 

Still further according to the present invention there is provided 
apparatus for the heat treatment of Cathode Ray Tubes or the like and 
simultaneously evacuating said Cathode Ray Tubes, said apparatus comprising 
an oven for receiving the Cathode Ray Tubes and said oven consisting of a 
number of heat treatment zones or chambers through which the Cathode Ray 
Tubes can be indexed according to a heat treatment time schedule, means for 
transporting the Cathode Ray Tubes through the zones or chambers of the 
oven, temperature control means for controlling the temperature of each zone 
or chamber, said temperature control means including means to vary the 
output of a heater and also means to vary the velocity of a fluid medium being 
circulated or recirculated within the chamber or zone, preferably, by 
monitoring die temperature of the Cathode Ray Tube or Tubes; preferably 
each zone or chamber includes baffle means for directing the flow of fluid 
medium in the chamber or zone in between the Cathode Ray Tubes, 
preferably, through nozzles directed in between facing screens of the Cathode 
Ray Tubes or facing backs of the Cathode Ray Tubes or front to back 
configuration of Cathode Ray Tubes. 



SUB S TIT U TE SHEET (RULE 26) 



wo 00/27765 



8 



PCT/GB99/03659 



Still further according to the present invention there is provided 
apparatus for the heat treatment of glass anicles or the like, comprising one or 
more of the following features:- 

a) an oven with dual control including varying the temperanire by 
controlling the output of heater means and controlling the 
velocity of a fluid medium surrounding the articles in the oven 

b) baffle means constructed to direct air flow in a desired manner 

c) means sensing the temperanire of glass articles directly. 

d) an oven with only 8 zones 

e) a computerised system to automatically balance the dual control 
of a), preferably to allow a + 5° celsius tolerance in temperanire 
gradient 

f) an oven capable of heat treating simultaneously a plurality of 
very flat Cathode Ray Tubes in a zone or chamber of the oven 
whilst simultaneously evacuating the C.R.T.'s 

g) a plurality of nozzles to introduce fluid medium generally 
horizontally or in between glass articles preferably stacked 
upright. 

Still further according to the present invention there is provided 
apparatus for heat treatment of glass articles or the like having any feature or 
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combination of feauires derivable from this description and drawings. 

iMany advantageous apparatus and method features will be apparent 
from the following description and drawings. 

An embodiment of apparatus and method for the heat treatment of 
glass articles or the like is now described, by way of example only, with 
reference ro the accompanying much simplified FIGURES of the drawings, in 
which :- 

FIGURE 1 shows a vertical cross-sectional view through an oven of 
apparatus in accordance with the present invention; 

FIGURE 2 shows a sectional part-elevation plan view of the oven 
shown in FIGURE 1 , and 

FIGURE 3 shows graphical data relating to the heat treatment method 
in accordance with the present invention. 

Referring to FIGURES I and 2 of the drawings, apparatus for heat 
treatment of glass articles or the like (in this instance a plurality of flat 
Cathode Ray Tubes C) is in the form of a heat treatment oven 1 . The oven 1 
defines a plurality of inner chambers or zones 2 (only one zone shown) for 
receiving the Cathode Ray Tubes C stacked in two rows and vertically oriented 
with the front faces or screens Ci of the tubes C facing one another, more 
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particularly as shown in FIGURE 2, Although FIGURE 2 shows only two 
rows of three Cathode Ray Tubes C, in practice, there may be twenty Cathode 
Ray Tubes C in each row mounted in a single vacuum cart (not shown) which 
is able to move through different control chambers or zones 2 of the oven I, in 
a manner similar to that as described in patent specification No.GB2300906. 
Thus, the overall shape of the oven 1 may be similar to the general race-track 
shape as shown in FIGURE 3 of patent specification No, GB23 00906, except 
that, advantageously, it is envisaged that far fewer control chambers or zones 2 
will be needed through which the vacuum cart carrying the Cathode Ray Tubes 
C needs to travel in order to complete the heat treatment process. Previously, 
in order to complete the heat treatment process on Cathode Ray Tubes of the 
design as shovra in patent specification No.GB2300906, as many as fifty 
different control chambers or zones were needed to be provided for the 
vacuimi carts to advance through, along the general race-track shape of the 
oven. Advantageously, the Cathode Ray Tubes C as shown in FIGURES 1 & 
2 of the drawings may only need to be subjected to about eight control 
chambers or zones and they will spend longer time periods in the zones than in 
said previous design, in a maimer to be explained later on in this specification. 

The oven 1 includes for each zone or chamber 2 a heating means in the 
form of a gas burner or electric element 3 and the fluid medium (air) in the 



SUBSTITUTE SHEET (RULE 26) 



wo 00/27765 — 

PCT/GB99/036S9 

II 



zone or chamber 2 is circulated or re-circulated around the zone or chamber in 
the direction of the arrows and particularly in between the Cathode Ray Tubes 
C (arrows a, to a,o) in a manner which should be generally self-explanatory 
from FIGURES 1 and 2 of the drawings. 

A train of vacuum carts (not shown) each containing forty Cathode Ray 
Tubes C can be advanced sequentially through the different chambers or zones 
2 of the oven 1 on a track (not shown) which may be of the general race-track 
form shown in FIGURE 3 of GB patent specification No.2300906, in a manner 
which should be readily appreciated. Each Cathode Ray Tube C is supported 
on an exhaust duct 4 operatively connected to the envelope of the Cathode Ray 
Tube C so that the Cathode Ray Tubes C are transported through the chambers 
or zones of the oven 1 with a vacuum cart. During transport through the oven 
1 , the vacuum carts can be operated automatically in a manner known per se to 
exhaust the interior of each of the Cathode Ray Tubes C. 

The general form of the oven could be similar to that as described in 
GB patent specification No.GB2300906 with loading and unloading stations 
(not shown) provided along part of the outside structure of the track. 

The air within each zone or chamber 2 may be re-circulated bv a fan or 
impeller 5 includmg a fan blade unit 5a arranged to rotate about a vertical 
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axis in order to direct air outwardly and horizontally in direction of the arrows 
ai and a2 directed by the presence of horizontal baffle wall portions W, & W2 
before being forced downwardly in direction of arrows a^ and a4. The air flow 
in the direction of arrows a^ and su is directed by the presence of vertical baffle 
wall portions W3 and W4, before collecting towards the bottom of the 
chamber in the larger volume compartments vi and V2 defined in part by 
horizontal wall portions W5, W6, w?, ws and vertical wall portions W9, Wio; the 
air is then forced through a series of horizontally directed nozzle n (in 
direction of arrows as, a^, a?, as, a9 and aio) in between the opposed front faces 
Ci of the Cathode Ray Tubes and in between the opposed rear faces C2, in a 
manner which should be self-evident from the drawings. Next, the air flows 
generally in the direction of arrows an and a^ and upwardly in direction of 
arrows an and au past the burning flame f of the heating means (in this 
instance gas burner 3) in order to be heated and re-circulated by the fan 5. 

Each Cathode Ray Tube C may have a length dimension of 
approximately 300mm and a width dimension of approximately 15mm, said 
width dimension being very much thinner than, for example, the Cathode Ray 
Tubes shown in patent specification No.GB2300906. Consequently, the 
control of the heat treatment process needs to be much more accurate or 
otherwise the Cathode Ray Tubes will be subject to excess stress or damage, 
namely cracking or breaking of the glass screen. 
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In the previous oven mentioned in patent specification No.GB2300906, 
air is forced dovmwardly over the upwardly oriented front screen or face of a 
single Cathode Ray Tube per cart, in a heating zone of the oven and then the 
air is drawn-up through exhaust ducts in side walls of the oven. Each Cathode 
Ray Tube needs to be brought through a heat treatment cycle in which the 
temperature of the glass is raised at a steady rate for a set time period, kept at 
that temperature for a further time period and allowed to cool down steadily 
within a further set time period. Variations from the desired C.R.T. 
temperature gradient through the oven needs to be kept within various limits 
or tolerances, in order to avoid damage to the Cathode Ray Tubes. Regulation 
of the zone environment is made by monitoring and controlling the air 
temperature via the heating means, whereas in the present invention the output 
of the heating -means to heat the air can be adjusted in order to vary the 
temperature of the air and thus of the Cathode Ray Tubes but additionally, the 
velocity of the air circulating around the oven zone can also be controlled by 
varying the speed of the fan 5. Thus, for the furst time a dual control facility 
exists within the oven zone, namely control of the heating means and control 
of the velocity of the fan (to separately control the velocity of the circulating 
air) in order to add an extra dimension of control allowing finer tolerances in 
the temperature gradient for the glass to be exacted. The output of the heating 
means 3 is controlled by sensing the temperature of the air by means of a 
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sensor (not shown) located generally at 6 in FIGURE 1 , being controlled by 
means of a P.I.D. control input 7. A second P.LD. control 8 enabling said dual 
contrv^^io be carried out is established by means of measuring or monitoring 
the temperature of the glass of the Cathode Ray Tubes C by means of a sensor 
located generally at position 9, so that the velocity of the fan 5 can be 
controlled via an inverter 1 0. 

It is envisaged that the complete heat treatment cycle of the Cathode 
Ray Tubes C will be continuously monitored and controlled via a purpose 
made computerised system suitably programmed to ensure that the 
temperature of the Cathode Ray Tubes throughout the cycle does not vary 
from the desired temperature gradients more than the allowed tolerance range, 
which will usually be within ± 5 degrees. 

FIGURE 3 shows an example of a temperature gradient for part of a 
heating cycle for a Cathode Ray Tube C. FIGURE 3 shows a heating rate of 
20 degrees celsius to 223 degrees celsius set as a linear function. Temperature 
steps may then be set in incremental set points of for example 40 degrees 
Celsius steps. FIGURE 3 shows the theoretical desired glass temperature 
gradient X for a first part of the heating cycle on which is superimposed the 
actual temperature Y of the glass of the Cathode Ray Tube C and the air 
temperature setting Z. When the temperature of the glass is found to be below 
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the theoretical required glass temperature at a particular point in time the 
velocity of the re-circulating air is increased by increasing the speed of the fan 
5, thereby increasing the heat transfer co-efficient, or if the temperature of the 
glass is above the desired glass temperature gradient X the velocity of the fan 
can be decreased, thus giving a fine control band. FIGURE 3 shows that there 
is much greater variation in the air temperature setting from the desired glass 
temperature and thus, advantageously, the control of the air speed is 
determined by sensing die glass temperature (directly) rather than for example, 
sensing the air temperature. However, control of the output from the heating 
means 4 is done by sensing the air temperature at 6, 

It is also an advantage of embodiments of the present invention that 
less floor space may be required for the oven 1 than in previous oven designs 
needing for example 50 zones in order to- achieve a similar heat treatment 
cycle. Additionally, the power requirements of the apparatus in accordance 
with the present invention may well be much better dian with previous 
designs. Still ftuther, the apparatus 1 should be able to provide a much 
quicker response to a variation in temperature of a Cathode Ray Tube because 
of the dual facility for temperature control, in particular the velocity of the 
re-circulating air being controlled in response to the temperature of the glass. 
In the previous arrangement shown in patent specification No.GB2300906, the 
usual indexing time is between 20' and 35 seconds (the amount of time spent 
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by a vacuum cart in each zone before being indexed to the next zone) whereas 
it is envisaged with embodiments in accordance with the present invention that 
the indexing time may well be 12-16 minutes. 

Overall, therefore, embodiments of the present invention may be 
extremely advantageous in manufacturing items such as flat Cathode Ray 
Tubes that need to be brought through a heat treatment cycle but which are 
subject to stress, breakage or cracking if not heat treated in a readily 
controllable manner. Thus, such articles may be of glass or the like but could 
be of any other material where such problems might exist or where the article 
needs to be brought through a very precisely controlled heat treatment process. 

It is to be understood that the scope of the present invention is not to be 
unduly limited by the particular choice of terminology and that a specific term 
may be replaced by any equivalent or generic term. For example the term 
"Cathode Ray Tube" may be replaced by "television receiver" or television 
tube/screen or the like. The term "computer" may be replaced by 
"microprocessor". The singular may include the plural or vice versa. 

Further it is to be understood that individual features, method or 
functions related to the apparatus might be individually patentably inventive. 
In particular, any disclosure in this' specification of a range for a variable or 
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parameter shall be taken to include a disclosure of any selectable or derivable 
sub-range within that range and shall be taken to include a disclosure of any 
value for the variable or parameter lying within or at an end of a range. 

Further according to the present invention there is provided an article 
or CRT. heat treated using apparatus in accordance with any apparatus 
statement of invention in this specification or made by any method statement 
of invention in this specification. 



SUBSTITUTE SHEET (RULE 26) 



